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Abstract 
 
Through the AHRC funded, “Motion in Place Platform” project, a number of experiments were 
conducted to look for quantitative differences in movement in virtual vs material environments. 
Actors were asked to enact a number of activities hypothesised to have occurred in a British Iron 
Age roundhouse while wearing inertial motion capture suits. These activities were recorded both 
in a “virtual” studio (re)construction as well as material (re)construction at Butser Ancient Farm. 
The data from these experiments was then analysed to look for differences in movement which 
could be attributed to artefacts and/or environments. This paper explains the structure of the 
experiments, how the data was generated, how it has been analysed, and what theories may 
make sense of the data and what conclusions have been drawn about how objects and 
environments may influence human movement and how a better understanding of movement 
many help understand empirical remains. 
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1. Introduction: 
 
In British Iron Age domestic culture, there are no historic or material referents to how particular 
houses were built, how they were used, or how artefacts such as arrowheads or ceramics were 
made. The corresponding methods must be inferred by a process of logical deduction, and 
examination of the available empirical evidence. However, how we approach this process of 
deduction can, and often does, involve a human factor. The reconstruction process in experimental 
archaeology now has a long tradition of researching and utilizing past methods construction and 
craft to construct (the term ‘reconstruct’ is explicitly avoided in the literature – see Reynolds 1993) 
non-extant buildings using those methods. The experimental approach, now well established and 
widely referred to, requires the ‘human factor’, in that it requires human intervention in, and 
interaction with, the physical world. While it is not possible to go back in time to capture the exact 
motions involved in archaeologically relevant activities, we can capture current activities and the 
physical processes in order to gain more insight into probable past activities.  
 
 
Experimental archaeology is a branch of archaeology, which replicates or attempts to replicate past 
processes in order to understand what is found in archaeological record. This branch is often cited 
as offering an important asset in the study of human interaction with material culture, especially 
when dealing with remote periods of history where there are few other sources of data on the 
human interventions. However, due to an understandable desire to adhere to empirical evidence, 
means of inferring the human movement behind interventions are rarely considered in the 
reconstruction of archaeological environments. The most obvious reason for this is that buildings, 
features and artefacts can be understood and reconstructed (whether digitally or not) from empirical 
archaeological remains, whereas there is little or no direct evidence for how people might have 
looked and moved through the places they created. Approaches that seek to go beyond this are 
methodologically fraught as a result of ‘the human factor’.  It is further inevitable that such living 
interpretation will be problematic, since environments, objects and landscapes are, to one extent or 
another, cultural constructs: society attaches significance to landmarks and features which cannot 
be retrieved without written records. However, implicit in all archaeological interpretation is the truth 
that this human factor is behind the process of the material record’s creation. Human processes 
have, in the past, been regarded as intangible and unrecoverable, and therefore implicitly and 
explicitly written off in experimental archaeology. For this reason, experimental archaeologists have 
traditionally shunned ‘the human factor’, focusing instead on the re-creation of archaeological 
features from empirical evidence (Harding 2009, Coles 1979). Indeed, the very notion of attempting 
to include ‘the human factor’ in experimental reconstructions is viewed with scepticism at best and 
outright hostility at worst. As Peter Reynolds, the founding director of the Butser Ancient Farm 
project has put it: 
 
“In real terms it is only sensible to examine structures physically and as far as 
possible to dehumanise the examination process. Re-enactment is best left as a 
dramatic indulgence to the imagination, which can be recognised as singularly 
valueless and instantly forgettable ... History, and by implication prehistory, is 
swiftly becoming a tabloid newspaper sub-editor’s view of the past” (Reynolds 
1993).   
 
While some might view the strength of this distinction as being somewhat harsh, it nonetheless 
highlights a significant gap not only in ‘real world’ reconstruction projects such as Butser Ancient 
Farm but also, in the application of virtual reality reconstruction, or any attempt to (re)create past 
movements in any place, physical or virtual. 
 
The Motion in Place Platform (MiPP) was developed through cross-disciplinary collaboration 
between researchers from the Universities of Sussex, Bedfordshire, Chichester, Reading, Kings 
College London, and others in order to study relationships between human movement and place. 
The platform itself is described elsewhere (Dunn 2012) and a great deal of information is to be 
found on the project website (http://www.motioninplace.org). This paper focuses on applications of 
the platform to the understanding of human movement in virtual heritage reconstructions. 
Specifically, the paper examines relationships between movement and artefact, movement and 
space (virtual or physical) and differences between expert/amateur or informed/uninformed 
movement. The paper presents some of the quantative data produced through a series of 
experiments with differing artefacts, spaces, and actors. 
 
2. The Movement of Things: relationships between movement and artefact 
 
During their Summer 2010 excavation of the Silchester Roman Town [6], evidence was emerging of 
an earlier Iron Age town on the Silchester site. One of the most striking features of this evidence 
was a clear circular contour of a building. As more evidence arose of an Iron Age town, 
interpretations about this evidence centered on the existence of a roundhouse on the site. The 
Motion in Place (MiPP) team agreed to build a virtual (re)construction of an Iron Age roundhouse 
according to the dimensions found at Silchester, and to populate it with virtual characters 
conducting activities suspected to have occurred in such a place and time. In order to capture 
movement for these virtual characters, the team followed the norms used for film and video game 
motion capture. The location and boundaries and of conjectured walls, hearth, and other elements 
were taped onto an empty stage floor. Various items were used as stand-ins for artefacts, and 
dancers were given direction by a choreographer or movement coach as to how they should move 
and what they should do while wearing the motion capture suits. The dancers were asked to 
perform various ‘everyday’ tasks such as fetching water and wood, tending a fire, and sweeping the 
house. The value and validity of these movements was not questioned until one of the dancers 
picked up a modern push-broom from the corner of the studio and began sweeping with it. It was 
immediately obvious that this was a very specific movement closely linked to an artefact which 
would not have been present in an Iron Age roundhouse.  After the dancer was reminded that the 
push broom was a 20th century invention, she swung the broom from side-to-side without touching 
the floor. Neither of these sweeping actions could be considered “correct”, neither helped 
understand how or why round houses were constructed in forms we have found, nor did they 
illustrate how these structures and artefacts were used.  
 
This event illustrated the difficulty of using contemporary motion capture techniques developed for 
film and video games for virtual heritage modelling. Most motion capture tools used in virtual 
heritage were developed for the entertainment industry where the “look” and “flow” of the movement 
is more important than its provenance or ‘accuracy’. Many motion capture tools exist for medical or 
biomechanics applications, but these are seldom used. More importantly, the experience 
documented the impact the artefact (i.e. broom) had on the movement. This is illustrated in figure 1 
examining the physical stance and by tracing the path of the user’s left hand while sweeping in a 
studio with both a contemporary push broom and a broom approximating to those likely to have 
been used in the Iron Age.  
 
    
   
 
Figure 1. Physical stance and movement trajectories of sweeping with contemporary and (re)constructed 
brooms. 
 
 
This link between specific artefacts and the movement required to manipulate them is well known. 
It’s importance is clearly explained by French sociologist Marcel Mauss as he described cultural 
difficulties with techniques required to shovel dirt: 
 
‘during the War I was able to make many observations on this specificity of techniques. 
e.g. the technique of digging. The English troops I was with did not know how to use 
French spades, which forced us to change 8,000 spades a division when we relieved a 
French division, and vice versa. This plainly shows that a manual knack can only be 
learnt slowly. Every technique properly so-called has its own form. (Mauss 1973:71) 
 
The Norwegian archaeologist, Bjørnar Olsen points out the necessity of understanding the material 
culture of “things”   
 
Why is it that things, the material world, have escaped the attention of the contemporary 
social and human sciences? One reason frequently given is that things do not call 
attention to themselves — they are so integrated in our lives, being at the same time the 
‘most obvious and the best hidden’ (Olson, 2003:94) 
 
In all of our daily conduct, objects are involved as (more or less) taken-for-granted and 
inherent aspects of our doings. They do not just provide frames, scenes, or background for 
our actions, but are intrinsically and indispensably involved in enabling those very actions. 
Thus, the time seems overdue to credit them some social recognition. This is not to say, of 
course, that things are the only vital component of social order and constitute the site where 
all our attention from now on should be focused… Guided by the long-held concern with 
signaling and identity formation (status, gender, ethnicity, personhood, etc.), the material 
cultural focus has been primarily related directly to bodily display and inscriptions 
(ornaments, dress, tattooing) and iconic manifestations such as figurines, masks, 
anthropomorphic rock art, and so on. Despite the claim that "under the influence of 
phenomenological approaches" the focus has shifted to analyses of "the production and 
experience of lived bodies" …  the pivotal role of the human being is rarely challenged. 
Rather than exploring the possibilities opened by focusing on somatic experiencing and, 
consequently, on being as a materially entangled being, many archaeologies of the body 
may actually be seen as reinforcing the anthropocentric bias… This adopted bias 
accentuates my initial claim that archaeological theorizing should make a difference by 
always and consistently remembering things.” (Olson 2010:?) 
 
 
Such understandings are (further) complicated in terms of their interpretation in the present, when 
the movements of interested occurred in the past – especially the distant past. The philosophical 
construct of phenomenology, of interpreting locations in terms of experience of them, has a long 
heritage in archaeology. Typically it has focused on the embodiment of interpretation of locations-
specific practices such as cult and religion, or the remediation of pathways through the landscape 
that are demarked by some extant physical structure, such as earthworks (see Tilley 1994; 
Copeland 2009). In a wide-ranging review of the subject in 2005, Joanna Brück notes that  
 
“[O]ne of the most productive strands of phenomenological writing within archaeology has been 
the deconstruction of the dualistic thinking that is a product of post-Enlightenment rationalism. 
This has facilitated a radical reconceptualization of the nature of materiality and the relationship 
between people and artefacts. … Only by seeing objects as inanimate can we adhere to a 
model according to which humans impose meaning on a passive and pre-cultural universe. If, 
on the other hand, we recognize that artefacts, buildings, monuments and landscapes not only 
affect us but make us who we are, then our engagement with the archaeological record is 
necessarily a dialogue in which both archaeologists and the axes, houses or burials we study 
are created and transformed (Brück 2005: 65).” 
 
 
2. Motions in Place 
 
The experience with the broom showed that the connection to material objects such as tools and 
buildings are of crucial importance in elucidating our understanding of possible behaviours and 
movements at a historically inaccessible period.  Consequently, a further set of experiments was 
devised in an attempt to test the influence of a place or location on movement. These experiments 
focused on the task of sweeping within two (re)constructions of the same round house. Both round 
houses were constructed according to excavation data from Moel y Gerddi, Wales. The first, 
immaterial, or virtual round house was created using projections and a head-mounted display at the 
University of Sussex. The second, material, or physical round house was constructed of materials 
expected to have been available in Iron Age Wales at the Butser Ancient Farm in 
Hampshire,England (see figure 2 and www.butserancientfarm.co.uk).  
 
 
 
Figure 2: The (re)constructed Moel y Gerddi round house at Butser Ancient Farm 
 
  
Figure 3: Sweeping in a virtual (U. Sussex) and physical (Butser Ancient Farm) round house  
 
 
Two dancer/choreographers were given a broom, constructed using materials and methods 
sufficiently generic as to approximate to those likely to have been used in the Iron Age, to sweep 
the virtual round house as well as the physical round house. (See figure 3). In the virtual round 
house, their movements had no effect on the virtual environment. The smooth, flat floor of the studio 
offered little resistance to the brooms and the even floor and lack of physical consequences related 
to sweeping through posts or walking into walls appeared to invite the dancers to move 
aggressively and openly. In the physical round house, the floor was uneven and the dancers had to 
move the broom around posts while not stepping into the hearth. There was great deal of variation 
in the resistance to the movement of the broom on the floor. At the same time, the dancers learned 
that large, fast movements created dense clouds of dust and damaged the floor of the house.  
 
In order to analyse the capture data created in both versions of the roundhouse, the authors 
developed a bespoke application to track the position of the dancer’s hands while sweeping and to 
determine the distance the hands travelled and the amount of time required for an average 
“sweeping” motion or cycle. A single sweep motion or cycle was defined as the time between when 
a broom was placed down on the floor until the next time it was placed on the floor.  Figure 4 shows 
a plot of sweeping in both the virtual roundhouse (4a) and the physical roundhouse (4b). Both 
graphs show the position of a the dancer’s right hand over approximately 45 seconds of sweeping. 
The plots in the bottom right show the composite 3D motion trajectories the hand (i.e., it’s position in 
3D space). The other two graphs plot the distance away from the center of the body. The top 
graphs show these positions on a traditional timeline while the graph in the bottom left plots y-offset, 
(the height above the body’s centre) on the y-axis against xy-offset (the length of a vector from the 
center of the body to the body part being tracked). This plot also highlights the current sweep cycle 
or stroke and the current position in this cycle.  
  
 4a 
4b 
Figure 4: Sweep analysis in a virtual(4a) vs physical(4b) round house  
 
The numbers listed in the bottom-left graph indicate the duration of the current sweep stroke, the 
distance travelled by the hand, and a numerical representation of the smoothness of the stroke. By 
averaging the durations and distances of all sweep strokes, the following were determined: 
 
4a., virtually (re)constructed round house: 
avg stroke dur, 2.3 sec, 
avg stroke dist 8.97 cm/sec 
 
4b., physically (re)constructed round house: 
avg stroke dur, 2.05 sec, 
avg stroke dist 7.75 cm/sec 
 
What does this mean? This data would appear to demonstrate that the dancer did, indeed, make 
larger sweeping strokes in the virtual roundhouse (as expected). However, the dancer also made 
sweeping strokes of shorter duration in the physically reconstructed roundhouse. This may be a 
result of the dust stirred up by sweeping in the physically constructed space, or it may be a result of 
the amount of resistance of the rough, uneven floor. Because the sample size is so small, it’s not 
possible to make any definitive statements, but the data does appear to demonstrate that 
engagement with the environment has altered the dancer’s movement. 
 
This coincides with much writing on movement and environments as summed up by the  
Architecture theorist, Juhani Pallasmaa: 
 
“Our bodies and movements are in constant interaction with the environment; the world and 
the self inform and redefine each other constantly. The percept of the body and the image 
of the world turn into one single continuous existential experience; there is no body 
separate from its domicile in space, and there is no space unrelated to the unconscious 
image of the perceiving self.’ (Pallasmaa, 2009:40-41). 
 
 
3. Informed Motion 
 
The motion experiments detailed in the past 2 sections were conducted with dancers. Dancers were 
used not because of their virtuosic movement abilities or vocabularies, but because of their ability to 
take physical direction, remember and re-create the movements. However, when working onsite at 
Butser ancient farm, the MiPP team were able to capture the movement of a number of the 
experimental archaeologists working on the site. In addition, the dancers were captured upon first 
arriving on site, then captured again after having been given training by the archaeologists who 
worked on the site on a daily basis, performing the same tasks. The dancers’ movements were then 
compared against the archaeologist’s movement and their earlier, uninformed motion as depicted in 
figures 5a, 5b and 5c.  
 
 
 
Figure 5a: Dancer sweeping round house without instruction  
 
 
Figure 5b: Experienced archaeologist sweeping with short, quick movements to keep down  
dust levels and avoid damaging floor 
 
 
Figure 5c: Dancer sweeping round house after being instructed how to use broom 
 
 
This is, in effect, an extension of experimental archaeology, which allows us to infer how people are 
likely to have interacted with their physical environments and how those environments (or tools) 
were constructed. It also resonates with Marcel Mauss’ theory of techniques of the body, 
transmitted through tradition: 
 
“I call technique an action which is effective and traditional … There is no technique and 
no transmission in the absence of tradition. This above all is what distinguishes man from 
the animals: the transmission of his techniques … we are dealing with techniques of the 
body. The body is man's first and most natural instrument. Or more accurately, not to 
speak of instruments, man's first and most natural technical object, and at the same time 
technical means, is his body.” (Mauss 1973:73) 
 
 
4. Conclusions 
 
As noted, the purpose of this exercise is, emphatically, not to attempt to re-enact possible scenarios 
of history or prehistory, but to capture and visualize human interaction with place and material 
culture as documented by archaeological evidence. No, it’s not possible to definitively know how 
Iron Age Britons used their round houses. We can infer past movements from an understanding and 
analysis of current movement in much the same way we infer the structure of past buildings and 
material objects through the fragments that have survived to our current time. However, just as 
archeologists make clear distinctions between what material objects have actually been uncovered 
and what contextual information they have based their conjectures upon, we need to be clear about 
exactly what motion data we are capturing and the contexts in which it has been captured. If we 
want to understand how motion influences place and place influences motion, we need to capture 
and study them together. 
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